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ABSTRACT Hepatitis C virus, the major causative agent
of blood-borne non-A, non-B hepatitis in the world, has been
the subject of considerable nucleic acid sequence analysis.
Although all reported hepatitis C sequences from the United
States have been represented by the prototype hepatitis C virus
type 1 sequence, two groups of variant sequences have been
reported in Japan. However, we have noted five distinct, but
related, genotypes (I-V) throughout the world, based on
detailed sequence determination and analysis of the first 1700
nucleotides and part of the nonstructural region 5 at the C
terminus of the open reading frme. The nucleotide sequence
for a large number of hepaiis C virus islates sanning six
continents was obtained by direct sequence analysis of PCR
products after reverse transcription. Genotype was clafied
by using several distinct sequence motifs. We observed that
most genotypes coexist in several geographic regions, iuding
the United States, Japan, Germany, and Italy. So far, genotype
V has been found only in South Africa. Interestingly, each
distinct genotype seems to be maintained throughout the ge-
nome in the segments tudied. These genotype dictions
should be considered when d ing specific diagosic tests,
developing potential vaccines, and studying viral transmio.

Hepatitis C virus (HCV) was isolated from a chimpanzee
chronically infected with a contaminated human factor VIII
concentrate in 1989 (1). An immunoassay for circulating
antibody to HCV was developed by using a yeast-derived
recombinant antigen encoded by a segment of the cloned
HCV genome (2). Results indicated HCV to be the major
causative agent of the blood-borne non-A, non-B hepatitis
(1-3).
The genomic organization and characterization of HCV

has been reported (4, 5). The HCV genome is a positive-
strand RNA of -9.4 kilobases and contains a large open
reading frame that encodes a polyprotein precursor of 3011
amino acids. Based on comparative sequence analysis of the
genome and encoded polyprotein, HCV is thought to be
distantly related to the flaviviruses and the pestiviruses. The
large open reading frame appears to encode colinearly struc-
tural and nonstructural proteins, with the structural proteins
located at the 5'-end portion of the genome. Putative bound-
aries are assigned that separate the 5'-untranslated region
(5UT), the core protein (C), the glycoproteins envelope 1 (El)
and nonstructural protein l/envelope 2 (NS1/E2), the non-
structural proteins 2-5 (NS2-NS5), and the 3'-untranslated
region (3UT). The prototype HCV nucleotide sequence re-
ported is termed HCV1 (refs. 4 and 5; see ref. 6 for review).

Using pooled plasma samples from human non-A, non-B
hepatitis patients and potential HCV carriers, Kato et al. (7),
Takamizawa et al. (8), and Okamoto et al. (9) have reported
entire genomic sequences of Japanese HCV strains. Some
partial 5'-end HCV sequences from individual Japanese
samples were reported by Takeuchi et al. (10, 11) and

Okamoto et al. (12). In addition, partial sequences in the NS3,
NS4, and NS5 regions have been reported by several Japa-
nese groups (13-16). It is significant that most Japanese HCV
sequences reported varied markedly from HCV1, suggesting
multiple strains or distinct genotypes of HCV.

Despite numerous HCV sequences reported from Japan
and the United States, information about HCV nucleotide
sequence in other parts of the world is scarce. In the
literature, the terminology used to distinguish different ge-
netic variants of HCV is not consistent, and classification
based on an average percent homology is ambiguous. In this
study, we term the genetic variants ofHCV as genotypes and
classify them by the specific sequence motifs that comprise
distinctive variation patterns when compared with the HCV1
prototype sequence. We sequenced the 5'-end region (5UT,
C, El, and N terminus of NS1/E2) and a portion of the NS5
domain from geographically diverse HCV isolates and found
at least five related, but distinct, HCV genotypes.t

MATERIALS AND METHODS
HCV-Conting Serum Sampls. A total of 72 serum

samples were collected from geographically diverse areas
including the United States, Japan, Australia, Argentina,
Spain, Germany, Italy, and South Africa. The American and
Japanese samples (except one, NAC5) were from blood
donors, and all others were from non-A, non-B hepatitis
patients. All serum samples were positive in an immunoassay
against various recombinant antigens encoded by the HCV
genome (G.K., unpublished results). Two samples with
known sequences, HCV1 (4, 5) and Jl (10, 11), were also
included in our studies. Our sequence data for these two
isolates were consistent with published results.

Viral RNA Isolaton. RNA was extracted from serum with
guanidinium salt, phenol, and chloroform (ref. 17; RNAzol B,
Cinna/Biotecx Laboratories, Friendswood, TX). Extracted
RNA was precipitated with isopropanol and washed with
ethanol. A total of 25 1.d of serum was processed for RNA
isolation, and the purified RNA was resuspended in 5 p.l of
diethyl pyrocarbonate-treated H20 for subsequent cDNA
synthesis.
cDNA Synthesis and PCR Amplification. For cDNA syn-

thesis and PCR amplification, we used a protocol developed
by Perkin-Elmer/Cetus (GeneAmp RNA PCR kit) without
alteration. Both random hexamer and primers with specific
complementary sequences to HCV (Table 1) were used to
prime the reverse transcription (RT) reaction. All processes,
except for adding and mixing reaction components, were
done in a thermal cycler (MJ Research, Watertown, MA).
The first-strand cDNA synthesis reaction was inactivated at

Abbreviations: HCV, hepatitis C virus; 5UT, 5-untranslated region;
C, core protein; El and E2, envelope proteins 1 and 2; NS1-NS5,
nonstructural protein 1-5; RT, reverse transcription; GI-GV, geno-
type I-V.
*To whom reprint requests should be addressed.
tThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. M74804-M74815).
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Table 1. Oligonucleotide primers and probes

Sequence Nucleotide
name* Sequence (5' -+ 3')t position* Use§

14s AACTACTGTCTTCACGCAGAAAGC 53-76 PCR primer
30s ACTTCCGAGCGGTCGCAACCT 495-515 PCR primer
39s GCCGACCTCATGGGGTACATA 732-752 PCR primer
40s CAAACGTAACACCAACCGRCGCCCACAGG 374-402 PCR primer
45s CGACGTCACATCGATCTGCTTGT 1116-1138 PCR primer
46s CGACGCCACGTCGACTTGCTCGT 1116-1138 PCR primer
48s ATGATGAACTGGTCVCCYAC 1308-1327 PCR primer
90s CCATGAATCACTCCCCTGTGAGGAACTA 30-57 PCR primer
14a GGGCCCCAGCTAGGCCGAGA 667-648 PCR primer
45a TCATCATATCCCAWGCCA 1311-1294 PCR primer
48a AGCTGAGCCATTACCAACGC 1351-1332 cDNA synthesis and PCR primer
49a AACTGCGACACCACTAAGGC 1351-1332 cDNA synthesis and PCR primer
50a ACAGAYCCGCAKAGRTCCCCCACG 1192-1169 PCR primer
51a CTGTTGCATAGTTCACGCCGTCYTCCAGA 840-812 PCR primer
58a TGATRGGGCCCCAKCCCTGGTCRAA 1758-1734 cDNA synthesis and PCR primer
61a ACCTTVGCCCAGTTSCCCRCCATGGA 1453-1428 PCR primer
S-primer TGGGGATCCCGTATGATACCCGCTGCTTTGA 8245-8275 PCR primer (16)
AS-primer GGCGGAATTCCTGGTCATAGCCTCCGTGAA 8645-8616 PCR primer (16)
GIC GCAACCTCGAGGTAGACGTCAGCCTATCCC 509-538 GI C probe
GIIC GCAACCTCGTGGAAGGCGACAACCTATCCC 509-538 GII C probe
GIE GTCACCAATGATTGCCCTAACTCGAGTATT 948-977 GI envelope probe
GIIE GTCACGAACGACTGCTCCAACTCAAG 948-973 GIl envelope probe

*s, Sense, a, antisense.
tR= A, G; V = A, C, G; Y = C, T; W = A, T; K = G, T; S = G, C.
*Reference is prototype HCV1 (4, 5).
§Al1 PCR primers except two (48a and 49a) were also used as sequencing primers.

99°C for 5 min and then cooled at 5°C for 5 min before adding
reaction components for subsequent amplification. After an

initial five cycles of 97°C for 1 min, 50°C for 2 min, and 72°C
for 3 min, 30 cycles of94°C for 1 min, 55°C for 2 min, and 72°C
for 3 min followed and then a final 7 min ofelongation at 72°C.
In general, a nested second round of PCR amplification was
done by using 1% of the first PCR product as the template to
obtain sufficient specific PCR product for sequencing.
DNA Sequencing. The specific PCR products were isolated

from 1.5% agarose gels and purified with Prep-A-Gene (Bio-
Rad). The purified double-stranded DNA was melted at 95°C
for 5 min and then quickly chilled on ice. Primers used to
generate the PCR products were used as sequencing primers
to sequence both strands. Both Taq polymerase (Perkin-
Elmer/Cetus) and Bst polymerase (Bio-Rad) were used in the
dideoxynucleotide chain-termination sequencing reactions
according to the manufacturers' instructions.

Oligonucleotide Probe Hybridization. Four genotype-
specific oligonucleotide probes were designed for the HCV C
and El regions. Their sequences and positions in the HCV
genome are listed in Table 1. The PCR products were first
analyzed by agarose gel electrophoresis. Four identical gels
containing the PCR products generated by the 40s and 50a
primers (Table 1) were run. The gels were then blotted onto
nylon membranes and hybridized with a 32P-labeled oligonu-
cleotide probe. We found that incorporation of 3 M tetra-
methylammonium chloride in the hybridization solution en-
hanced specificity of probe binding to the specific genotype.
Hybridization was done at 50°C overnight, and specific
washing conditions are described in the legend for Fig. 3. The
procedures for hybridization and Southern blotting onto
nylon membranes with tetramethylammonium chloride were
according to Sambrook et al. (18).
Computer Programs for Sequence Analysis. The PCR prim-

ers used for the 5'-end portion ofHCV genome were designed
on the basis of published HCV1 (4, 5) and Ji (10, 11)
sequences and optimized with the program OLIGO (National
Biosciences, Hamel, MN). GENALIGN was used for sequence
alignments and comparisons (IntelliGenetics).

RESULTS

Sequencing Strategy. RNA viruses commonly exist as

heterogeneous populations ofnonunique but related genomes
(19). When PCR products were cloned into M13-based vec-
tors for sequencing, sequence differences between clones for
the same isolate were often noted-most likely due to pop-
ulation heterogeneity. Incorporation errors by Taq polymer-
ase during PCR also contribute to this heterogeneity (20, 21).
We chose to sequence the PCR products directly without
additional cloning steps. If an individual had multiple strands
of HCV, only the dominant sequence would be determined.
To verify the accuracy of sequences, several overlapping

regions produced by PCR were sequenced. All primer se-

quences and their positions in the HCV genome are listed in
Table 1. Overlapping PCR fragments generated by using
these primers at the 5'-end of the HCV genome appear in Fig.

GIC/GIIC GIE/GIIE

5 5UT ro-Coie ro-Envelope 1NS1 3.

40s 51a

30s 50a

39s 45a

45s/46s-61a
48s 58a

FIG. 1. Schematic representation of sequencing strategy. The
first 1800-nucleotide region of the HCV genome is shown graphically.
Relative positions of 5UT, C, E, and NS1 domains are marked. The
various overlapping PCR fragments for sequencing are shown below.
Above the HCV genome is shown the PCR fragment (40s/50a) for
probing with genotype-specific oligonucleotide probes. E and NS1
domains are also referred to as El and E2/NS1, respectively (6).
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1. Samples were meticulously handled to reduce contamina-
tion. Water and normal human serum were used as controls
to monitor false positive results. In addition, the entire
process of RNA extraction, RT-PCR, and sequencing was
done multiple times on different occasions for each HCV
isolate. Obtaining matched overlapping sequences for a sin-
gle isolate was considered evidence for authenticity of the
sequence determined for that isolate. Nonetheless, there was
an average 0.2% combined sequence uncertainty for all
isolates in our study. When a nucleotide identity was uncer-
tain, the HCV1 sequence (4, 5) was assigned for alignment
purposes. The minor uncertainty in the sequence determina-
tion does not lead to ambiguity in genotype I-V (GI-GV)
assignment, which is based on several stretches of sequence
motifs (see below).
HCV Sequence Exhibits Multiple Genotypes. We propose to

define the genetic variants of HCV as different genotypes
based on specific sequence motifs distinct from the HCV1
prototype sequence. Fig. 2 displays some representative
variation patterns in the four domains (5UT, C, El, and NS5)
examined. Sequence divergence is not evenly distributed
over different domains; however, distinct genotypic se-
quences seem to be maintained throughout the entire HCV
genome. It is imperative to examine longer segments of
sequence for each isolate in several domains to discern
different genotypes. For instance, isolates US4 and US5
cannot be assigned to different genotypes based on the 5UT
region alone (Fig. 2A), unless other domains (Fig. 2B and C)
are taken into consideration. Isolates US22 and US23 are
assigned to a single genotype (GIV) based on the 5UT region
(Fig. 2A), which is consistent with sequence motifs found in
the C (Fig. 2B) and NS5 (Fig. 2D) domains. Furthermore,

A
CI

BUT

HCVI
USS
AUSi
SP2
062
I21

GII US4
31
MACS
ARC2
SPI
CHI
I15

CIII 110
ARC6
US19
US20
US21

CIV US22
US23

GV SA3
SA4

C
CI MCVi

USS
AUS1

CII US4
ARC2
S15

205

B
240

OCCC CI

-A---_T---C--TC----------------
-----A---T---T-C--TC----------------
-----A---T ---T-C--TC----------------

---------------C--------------------

C--- _-_-_ -_-_-_-_

El

1328 1363
CACGCCCTCCTAATCCSCCACCTCCTCCCCATCCC
___________--CC__-----G-A-----------
A------C-----IC-A-------------A--C----

---A--c --CC-ATC---T-A-----------
AC-A--CC-A-H5C--TC--T-----------
-C-A--CC-A- -CC--T- C---T-A-----------

CIII I10 T--CA-TA--C-CC----AT-CT--C-C--C-----

CIV CHS TCT--CTA----CC----C--CG-C--C--TT-C--
14 TCT--CTA---- C-A--A--CC-C--C--TC-C--
IS1 TCT--CA----CC----C--AC-C--C--TT-C--
US22 SCT--GTA----GC----CG--CC-C-G-a---C-C--
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isolates SA3 and SA4 are tentatively assigned to a genotype
(GV) based on the NS5 domain alone (Fig. 2D), even though
their sequences in the SUT region are almost identical to that
ofGI and GII isolates (Fig. 2A). We note that the 5UT region
has an overall 94-100% nucleotide homology among all
genotypes. With the above definition, the sequences of most
published United States (4, 5, 22) and Japanese isolates (7, 8,
10-12) are classified as GI and GII, respectively. GIII se-
quences are also reported for some Japanese isolates (9, 14,
16).

It has been suggested that primers designed in the 5UT
region are extremely specific, and their use for detecting
HCVRNA in serum samples has been demonstrated (23). For
the 72 serum samples examined here, 57 were found positive
by the RT-PCR method with these 5UT primers. However,
only 44 samples were positive with another primer pair
(48s/61a, Table 1) located in the El region. By probing this
fragment with GI- and GII-specific probes, a total of 35
samples were identified as either genotype. We sequenced
this fragment from four of the remaining nine isolates and
found that they clearly exhibited different nucleotide patterns
from GI and Gil (Fig. 2C). We have designated two addi-
tional genotypes based on this data, and we have assigned
one isolate to GIII (isolate I10) and the other three isolates to
GIV (isolate GH8, I4, and Ill).
Enomoto et al. (16) have reported efficient use of PCR

primers designed in the NS5 region to detect HCV in serum
samples. By sequencing many isolates in this region, they
have identified two "types" of HCV sequences from Japa-
nese isolates, termed Ki and K2. By using their primers, we
obtained partial NS5 sequence for a total of22 isolates. Based
on sequence motifs, a total offive genotypes can be identified

HCVI
US5
AUS1
SP2
CH2
I21

527 562

CII US4 A--A-----------------C-A.-------
J1 A--A-----------------C-A--------
NACS A--A-----------------C---------
ARC2 A--A-----------------C-A---
SPI A--A----------------C----------
CGH A--A-----------------C----------
115 A--A----------------C-A-------

CIII I10 ------C-----T-A-A---G--CA--- M----a
ARC6 C-----C--------A-A---C--CA--ACT---A
US19 C-----C--------A-A---C--CT--ACT----A
US20 C-----C-----C--ACA---C--CT--ACC----A

GIV US22 A-----------------G------Aa---A---C-
US23 A-----------------C------AC------ C-

D
CI HCV1

SP2
CM2
121
US17

GII 31
SP1
SP3
CH6

GIII ARCS
I10
ARC6
USi9
US20
US24
US2 5

GIV Ill
I4
CHS
U522
US23

CV SA3
SA4

5ss
8562 5S97

FIG. 2. Genotypic sequence motifs. The HCV1 sequence (4, 5) is shown at top, and the dashes indicate identical sequence compared with
HCV1.
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by using our definition (Fig. 2D). Among these 22 isolates,
there are 4 from the United States, Spain, Germany, and Italy
(isolates US17, SP2, GM2, and I21) assigned to GI, and 4
from Japan, Spain, and Germany (isolates Ji, SP1, SP3, and
GH6) assigned to GIl. The remaining 14 isolates are distrib-
uted as follows: 7 isolates from the United States, Argentina,
and Italy (isolates US19, US20, US24, US25, ARG6, ARG8,
and I10) assigned to GIII, 5 isolates from the United States,
Germany, and Italy (isolates US22, US23, GH8, I4, and Ill)
assigned to GIV, and 2 isolates from South Africa (SA3, SA4)
assigned to GV. Note that the Ki and K2 types reported by
Enomoto et al. (16) would be assigned to GII and GIII,
respectively, based on their similar sequence motifs.
GI and GIU Coexist Throughout the World. More extensive

sequence was determined for 18 GI and GII HCV isolates
from a wide geographic representation covering the 5'-end
portion of the HCV genome (5UT, C, El, and the N terminus
of NS1/E2). Eight isolates-including HCV1, US5, US6,
US17, AUS1, SP2, GM2, and 121-are GI, and 10 isolates-
including US4, US18, Ji, J14, NAC5, ARG2, SP1, GH1,
GH6, and I15-are GIl. Needleman and Wunsch (24) anal-
ysis was done on all sequences generated with GENALIGN.
Not a single insertion or deletion was identified in any isolate
examined when compared with HCV1. Although almost
identical sequences were obtained for the 5UT region for all

GI and GII isolates previously observed (5, 23), sequences

downstream from 5UT clearly exhibited two distinct geno-

types (Fig. 2). Despite observed genotypic variations, all
isolates represent a single virus, HCV, due to their highly
homologous 5UT sequences. One important observation was
that both genotypes were found in geographically diverse
regions, including Japan (12), Spain, Germany, Italy, and the
United States.

In contrast to the 5UT region, which was highly homolo-
gous among all GI and GII isolates, a small hypervariable
region located at the N terminus ofNS1/E2 was found in both
GI and GIl. It should be noted that Weiner et al. (22) first
reported a hypervariable domain among several GI HCV
isolates, and Hijikata et al. (25) reported a similar hypervari-
able domain in several GII isolates.

Genotype-Specific Oligonucleotide Probes. Distinct patterns
of nucleotide differences clearly delineated GI and GIl.
Based on these genotype-specific motifs, we designed four
oligonucleotide probes in the C (GIC and GIIC) and El (GIE
and GIIE) regions, which were specific for either genotype
(see Table 1). A PCR fragment (40s/50a) was generated for all
isolates that contained most ofthe C and El domains (see Fig.
1). Fig. 3A shows the results of agarose gel analysis, and Fig.
3 B-E shows the results of hybridization to probes GIC,
GIIC, GIE, and GIIE, respectively. It can be seen that these
probes possessed sufficient specificity to unambiguously
distinguish these two genotypes. By designing specific nu-
cleic acid probes based on the sequence motifs pertaining to
each assigned genotype, this method can be generally applied
as a rapid screening method for determining the prevalence
of any genotype in a particular geographic area.
Amino Acid Sequence Variation. Amino acid sequence

analysis revealed no interruption in the long open reading

bp ?,D4,tgt t~Q@t42~22 J'
A 13bp-

1078-
872

6033-

B

C

D

E

FIG. 3. Agarose gel and genotyping analyses. (A) Agarose gel
analysis of the PCR fragment (40s/50a) generated for all 17 isolates.
Four identical gels as in A are blotted onto nylon membranes and
hybridized by 32P-labeled oligonucleotide probes. The autoradio-
graphs in B-E are with probes GIC, GIIC, GIE, and GIIE, respec-
tively. Blots in B and C were washed with 75 mM sodium chloride/
7.5 mM sodium citrate/0.1% SDS at 600C; blots in D and E were
washed with 150 mM sodium chloride/15 mM sodium citrate/0.1%
SDS at 600C.

frame in any isolate sequenced. Less heterogeneity was
observed in amino acid sequences than that in the nucleotide
sequences due to a preponderance of nucleotide variations in
the third-codon position. However, two distinct types can
still be distinguished on the basis of amino acid sequence.
Nucleotide and amino acid homologies among various do-
mains of the two HCV genotypes were tabulated in Table 2.
For amino acid sequence, the C domain was highly conserved
among all GI and GII isolates (96-100%). The El domain was
90-98% homologous among isolates in the same genotype but

Table 2. Nucleotide and amino acid sequence homologies in various domains
Sequence homology, %

5UT C El NS1/E2 NS5
GI vs. GI 99-100 97-98 (98-99) [99] 91-96 (92-98) [98-100] 78-89 (63-82) [81-93] 95-98 (99-100) [99-100]
GI vs. GII 98-100 90-92 (96-97) [98-99] 73-76 (76-79) [93-96] 62-70 (56-69) [75-85] 79-82 (86-88) [92-94]
GII vs. GII 99-100 97-99 (98-100) [99-100] 92-94 (90-95) [97-99] 76-79 (68-75) [81-87] 89-93 (93-99) [95-99]
Amino acid-sequence homology is shown in parentheses. Numbers in brackets represent amino acid-sequence homology calculated by using

a reduced set based on similarities in physical and chemical properties of the amino acids (26). Nucleotide positions for various domains were
defined as 1-341 for 5UT, 342-914 for C, 915-1490 for El, 1491-1694 for the N terminus of NS1/E2, and 8276-8615 for a part of NS5 (6).

Biochemistry: Cha et al.
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only exhibited 76-79%o homology among isolates between
different genotypes. Table 2 shows, however, that the ho-
mology of the El domain between two genotypes increased
to 93-96% when conserved replacement of amino acid res-
idues was considered (26). The homology among isolates
between GIII and GI was calculated at 91% and 71-75% from
the partial sequences determined in the C and NS5 regions,
respectively. Similar amino acid homology was also seen
between GIV and GI isolates (71-73%) and between GV and
GI isolates (75-76%) in the NS5 region. A hypervariable
region at the N terminus ofNS1/E2 was seen in both GI and
GII isolates. Among all isolates examined, no identical se-
quence appeared in this hypervariable domain. To under-
stand the significance of sequence variation in the El domain
and of a hypervariable region downstream, detailed epitope
mapping and serotyping studies are required.

DISCUSSION
Our conclusions can be summarized as follows: (i) Nucleo-
tide sequence comparisons depict the existence of multiple
HCV genotypes. (ii) These genotypes coexist in various
geographic locations. (iii) The degree of heterogeneity varies
with each domain. (iv) Our data confirm and extend a
previous observation that a hypervariable region exists in the
N terminus of NS1/E2 for both GI and GIl.
We found several genotypes coexisting in various geo-

graphic locations-for instance, GI-GIV all found in the
United States, Gil and GIII in Argentina, GI and GII in
Spain, GI, GII, and GIV in Germany, and GI-GIV in Italy.
One additional genotype (GV) was found only in South Africa
to date. Consistent with our findings, the coexistence of
genotypes was reported in Japan (12, 14, 16) and France (27).
To discern whether all genotypes coexist globally or whether
there is a geographically dominant genotype would require
screening more samples. In Japan, GII has been reported as
the dominant genotype (14, 28).
Many factors contribute to the success or failure of the

RT-PCR method. For instance, the RNA integrity depends
on the efficiency of inhibiting RNase in the serum sample
during the RNA isolation processes. In addition, the ability
to produce DNA material suitable for sequencing depends
not only on the efficiency of the RT reaction but also on the
success of the PCR amplification. More importantly, the
efficiency ofPCR amplification depends ultimately on primer
design. In this study, we have identified some seropositive
samples that gave negative results with RT-PCR. We also
identified some samples that were positive in the SUT region
by PCR but were not positive with any other primer pairs.
Even though we identified four genotypes in the 5'-end region
and five genotypes in the NS5 region, it cannot be precluded
that additional genotypes exist and are yet to be discovered.
The assignment ofHCV genotypes is useful but relatively

arbitrary. When only the SUT region is considered, fewer
distinct genotypes can be assigned. On the other hand, when
only the hypervariable region is considered, each isolate will
represent a unique genotype. We should emphasize that long
segments of sequence in several domains should be examined
together for each isolate to classify its genotype. The func-
tional significance of the sequence conservations or alter-
ations within genotypes is unclear to date. An understanding
of the sequence variation, however, is of paramount impor-
tance in the development of reliable diagnostic tests and
vaccines and for epidemiological studies.

Note Added In Proof. We have collaborated with Dr. Gerald Myers
at the Los Alamos National Laboratory for a phylogenetic analysis
of the various HCV sequences. The preliminary results are consis-
tent with our genotype assignment. The full account of this study will
be reported elsewhere.

We thank our many friends and colleagues at Chiron and Daiichi
Pure Chemicals for valuable discussions and Georgianne Trosin for
aid in preparing the manuscript. We also thank Amy Weiner for
critical review of the manuscript. This study was supported by
Chiron Corporation and Daiichi Pure Chemicals.
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